Agar, carrageenan, carboxymethylcellulose (CMC), and xanthan gum at diversified concentrations were used in coca syrup as stabilizer, thickener, and consistency providers. The syrups obtained in the laboratory conditions were compared to the commercial ones. Sensory evaluation of both commercial and laboratory syrups was comparable, however, the latter obtained slightly higher appraisal. Based on the texture profile analyses (TPA), it was concluded that laboratory and commercial syrups had similar textural properties with one exception. Value of stringiness of laboratory syrups was lower. This factor gave an advantage in evaluation of suitability of these products for consumers, who considered it as more comfortable in use. Rheological properties of syrups were compared by the use of Casson's model. Commercial syrups had yield stress (t o ) in the range of 0.38-3.74 Pa, and Casson's viscosity in the range of 0.50-3.84 Pa s. Laboratory syrups had more diversified rheological properties. It was also concluded that all selected hydrocolloids (CMC, carrageenan, xanthan gum, and agar) were useful, however to different extent, for cocoa syrups production.
INTRODUCTION
In last decades many different thickeners, stabilizers, and texture enhancers were offered on food market. These were hydrocolloids such as plant gums, alginates, seaweed extracts, starch and its derivatives, pectin, cellulose and its derivatives etc. The most important practical aspect of hydrocolloids application in food is the manner they change its rheological properties. [1] The addition of agar to cocoa syrups, apart from consistency improvement, leads also to better gloss and stabilizes whole system increasing viscosity and adhesiveness. [2] Locust bean gum is used as thickener and stabilizer in confectionery, ice cream, fruit-fillings, whipped cream, yoghurt, cream cheese, frozen products syrups, canned vegetables, and fish production. [3] Xanthan gum solutions are used for whipped products stabilization as well as for emulsions and suspensions stabilization. In these processes, very viscous xanthan gum solution protects coalescence and separation of dispersed oil phase. [4, 5] Additionally, its low energetic value (0.5 kcal=g) and the fact that humans do not digest xanthan gum allow it to be useful for dietetic products manufacture. [6] Gelling properties and water binding capacity of different carrageenans' fractions are used by the production of jams, gellies, ice-creams, meat-products, and pastes, whereas stabilizing properties-by salad dressings and ketchup manufacturing. Gelling ability at low sugar content and high resistance to the hydrolysis in humans' digestion tract make carrageenans useful for low energetic food manufacturing. [6] Carrageenans in the interactions with proteins increase water-binding capacity of meat stuffings, and meat emulsions as well as decrease the losses during heat treatment. [7] [8] [9] Addition of carrageenan to the meat products improves juiciness and brittleness as well as enables the manufacture of low-fat products with high similarity to the natural ones. [10] Carboxymethylcellulose (CMC) is used for ice cream, frozen dairy cocktails, yoghurts, fruit beverages, desserts, sauces, mayonnaises, soup concentrates, dressings, as well as bakery, and meat production. [11] [12] [13] It could be stated that different hydrocolloids are widely used for foods, where they play diversified roles. Hydrocolloids are used widely for cocoa syrups manufacture, however this fact is less explored in the literature. The aim of this work is to study the applicability of chosen hydrocolloids for cocoa syrups production, and comparison of some commercial syrups properties with those of syrups obtained in laboratory conditions.
MATERIALS AND METHODS

Materials
The materials used were: potato starch syrup from Lubon S.A., Lubon 
Methods
Elaborating of Cocoa Syrup Recipe with an Addition of Chosen Hydrocolloid
In the recipe of cocoa syrup the following products were used: potato starch syrup, water, sucrose, cocoa powder, olive oil, hydrocolloid (agar, k-carrageenan, xanthan gum, and=or CMC), mono-and diglycerides of fatty acids. Hydrocolloids were dissolved in water, at the temperature of 90 C. Potato starch syrup was mixed with cocoa powder and heated up to 90 C. Sucrose was dissolved in water at 90 C. In the next step the hydrocolloid solution, sucrose solution, and potato starch syrup were mixed together and the olive oil was added to the mixture. The process of mixing was continued until the homogeneity was achieved in the syrup. In order to obtain diversified parameters of syrups hydrocolloids were added in different quantities. The quantities applied are shown in the Table 1 . After preparation the syrups were cooled to the room temperature and the texture profile analysis (TPA), sensory as well as rheological analyses were conducted.
Sensory Analysis
Untrained panel and subsequently trained experts carried out sensory analyses. [14] [15] [16] Sensory analyses were conducted in two tests-whole and partial. In the whole sensory analysis of cocoa syrups five-point method was applied. [17] Quality factors such as: color, gloss, consistency, aroma, and flavor were estimated. Share of particular quality factors (meaningful coefficients) were justified as: color, 0.15; gloss, 0.10; consistency, 0.30; aroma, 0.10; and taste, 0.35. Because consistency (textural properties) plays an important role in determination of cocoa syrup's quality, additionally so-called partial sensory analysis was conducted. [18] In this test five parameters (quality factors) were defined and analyzed. These were: viscosity, stringiness, sandiness, adhesiveness, and mouth feel. In this analysis, it was considered that all the parameters had equal effect or coefficient. Both whole and partial sensory analyses were conducted by comparison of the quality factors of the samples to those defined in previously prepared standard (calibration) cards (not presented).
Texture Profile Analysis
Texture profile analysis was conducted with texture analyser TA-X2, produced by Stable Micro Systems, with help of ball probe P=1S, with diameter 25.4 mm. Penetration depth was 25 mm, and speed was 1 mm=s. The measured five parameters were: hardness, adhesiveness, cohesiveness, gumminess, and stringiness. These were considered the most suitable for characterization of cocoa syrups. All these texture attributes are defined in the literature. [18, 19] Rheological Measurements Rheological measurements were conducted by the use of the Searle type rheometer Rheolab MC 1, produced by Physica Messtechnik GmbH, steered by the programme US 200. Measuring system consisted of two concentric cylinders with diameters 45 and 48.8 mm. Measurements were conducted at 25 C. The results were shown as the flow curves (shear stress vs. shear rate). Flow curves obtained were fitted to the rheological model of Casson, described by the equation: [14, 15] 
where p is equal to 2, t is shear stress (Pa), t o is yield stress (Pa), _ g g is shear rate (s À1 ), and Z C is the Casson's viscosity.
RESULTS AND DISCUSSION
Both the syrups produced in the laboratory and commercial products purchased from the market were submitted to the same sensory, texture profile as well as rheological analyses. The results of total and partial sensory analyses are presented in Table 1 .
Comparing the results of total and partial sensory analysis one may see that the highest score achieved syrups obtained in the laboratory with addition of 0.3% of xanthan gum and with 0.3% of agar. In this way the ability of xanthan gum to stabilize the emulsions and suspensions, [4, 5] and agar to improve the consistency by the increase of viscosity and adhesiveness as well as to improve the gloss. [2] The results of present study also showed similar application for stabilization of cocoa syrups. Both the syrups with xanthan gum and with agar received maximum score (5.0) from the taste-panel. Second highest score (4.85) obtained commercial syrup I, containing carrageenan and guar, and the next place (4.85) occupied syrup obtained in the laboratory conditions with 0.4% CMC. The scores of the other syrups ranged from 3.95 to 4.58.
It should be mentioned that even small change in the quantity of the gum added to the syrup made huge iterations in the consumer preferences. As an example syrups with an addition of 0.3% and 0.25% of xanthan gum could be used. The first one obtained maximum score of 5.0 and the latter only 3.95. Enhanced addition of xanthan gum to 0.35%, led to the decrease of consumer preferences as the result of total score was found 4.4. In the result of partial sensory analysis (Table 1) , the highest score (5.0) received the syrup with 0.3% of agar, next was commercial syrup I (4.9) with carrageenan and guar gum, and the next were syrups obtained in the laboratory with 0.4% of CMC (4.87) and 0.3% of xanthan gum (4.74). The remaining syrups obtained 3.87-4.63 points from the sensory panel. The highest score (total and partial analysis) received cocoa syrup from the laboratory, with 0.3% of agar. It seems that this result was strongly influenced by the ability of agar to grant the gloss to the products. [2] The results of the texture profile analysis are presented in the form of graphs ( Figs. 1-5 ). The highest values of hardness had syrups obtained in the laboratory conditions with agar, and the lowest-syrups with carrageenan. Agar even at low concentrations formed strong gels, which made it excellent in the production of stable syrups with suitable viscosity and hardness. [2] As anticipated, more hydrocolloid added to the syrup, higher was the value of hardness. This rule could be applied to all the syrups obtained in the laboratory conditions.
It should be underlined that in order to obtain the syrup with certain hardness, low quantities of hydrocolloids were needed, less than 0.6%. Only carrageenan needs to be applied in bigger quantities, more than 1.8%. The hardness of commercially available syrups ranged from 17 to 23 G (unit from measuring equipment), whereas the hardness of laboratory obtained syrups was in the range of 13-25 G.
Adhesiveness of commercially available syrups was different. For example, adhesiveness of commercial syrup III, with carrageenan was more than two times higher than those of syrup IV, with xanthan gum. Among the syrups prepared in the laboratory conditions the least adhesiveness had syrups with carrageenan, and the highest with agar. The addition of hydrocolloid influenced adhesiveness differently. Increased hydrocolloid content raised adhesiveness in the sauces with CMC and carrageenan. Adhesiveness rose irregularly to the xanthan gum and agar content increase (Fig. 2) .
Cohesiveness of commercially available syrups ranged from 0.9 to 0.95. Syrups containing CMC and xanthan gum reached similar parameters, those with carrageenanhigher, and those with agar-lower ( Fig. 3 ). Stringiness of commercially available syrups was close to each other and ranged from 22 to 24 s. In the laboratory obtained syrups with xanthan gum and carrageenan this parameter was much lower (13-18 s). The production of syrups with low stringiness allowed pouring them out of the container without characteristic string. Short string after the end of pouring was an advantage of the syrups, which made the product more comfortable to the consumer. [18, 19] From this point of view the most advantageous were the syrups obtained in the laboratory conditions with xanthan gum and carrageenan (Fig. 4) .
Gumminess of commercially available syrups ranged from 16 to 21 G. The application of 0.4 and 0.6% CMC, 2.2% carrageenan, as well as 0.25 and 0.30% agar in the syrups produced in the laboratory conditions made their gumminess similar to this parameter of the syrups available in the market. Extremely high gumminess had syrups with addition of xanthan and carrageenan. Xanthan gum solutions had very high viscosity, even at low concentrations of the gum, [11] which influenced gumminess of the products obtained with this hydrocolloid. k-carrageenan applied in the syrups obtained in the laboratory conditions had relatively high degree of esterification (27% of sulfate esters), which influenced the degree of molecular rotation of this polysaccharide and its elasticity, which in turn could influence the gumminess of the syrup [5, 21] (Fig. 5) .
The results of the rheological measurements are presented in the Figs. 6 a, 6 b in the form of flow curves. After analysis of these curves, one can find that both commercially available syrups and those produced in laboratory conditions belonged to non-Newtonian pseudoplastic (showing shear thinning) fluids. After fitting the curves to the model of Casson it was concluded that all of them had yield values. This parameter plays an important role in the determination of minimum force needed to produce the flow of the fluid, thus in the determination of stability of food systems. [19, 20, 23] The values of yield stresses as well as of Casson's viscosity are collected in the Table 2 . As one can see from Table 2 both syrups obtained in the laboratory conditions and those commercially available had differentiated yield stresses and Casson's viscosities. Flow curves of commercially available syrups were steeper than those of syrups obtained in the laboratory (Figs. 6 a, 6 b ). Particularly syrups II and III had very steep curvature. Syrup III contained carrageenan, however neither quality nor quantity of this hydrocolloid was not declared. The slope of flow curve of this syrup suggested that the quantity of the thickener was exceeded, which found also confirmation in the parameters of texture profile-hardness, adhesiveness and gumminess (Figs. 1, 2, 5 ). Yield stress of this syrup ( Table 2 ) was slightly bigger than 2 Pa, whereas Casson's viscosity belonged to the highest among those under study (3.843 Pa s). In this syrup relatively low yield stress was in contrast with very high viscosity of Casson. As a result good stabilization of the system was achieved but the syrup's flow and full covering of the surface was hard to reach. As it is known [25] high value of yield stress influences positively the stabilization of emulsions and suspensions. High values of hardness, adhesiveness, and gumminess confirmed high viscosity of Casson of the products under study too.
Syrup IV had the highest yield stress among commercial syrups (3.74 Pa), which meant that more force was needed to begin its flow out of the container. Casson's viscosity of this syrup was, however the lowest ( Table 2 ). Parameters of texture of this syruphardness, adhesiveness, stringiness, and gumminess belonged also to the lowest, which correlated good with low Casson's viscosity. Syrups prepared in the laboratory with xanthan gum, carrageenan, and agar had yield stresses ranging from 3.23 to 13.52 Pa, and An attention should be paid to the fact, that with an increase of hydrocolloid's quantity the values of rheological parameters raised. It means that upon an addition of appropriate quantity of hydrocolloid the product with demanded parameters (Casson's viscosity and yield stress) could be obtained. Similarly Rohm and Schmid [22] found that with an increase of hydrocolloids content in yoghurt the yield stress of the product increased. Such information is very useful from technological point of view, because it helps to control easily rheological properties and texture of product during production process.
Extremely very high values of yield stresses in the syrups obtained in the laboratory conditions with 2.2% carrageenan (12.06 Pa), 0.3 and 0.35% agar (10.42 and 13.52 Pa, respectively) as well as 0.6% CMC (10.64 Pa) were the results of structure formation in the bulk syrup. [23] An example of the formation and destroying of the structure (thixotropic behavior) in the syrup with addition of 0.35% agar was presented in the Fig. 7 . It should be pointed out that thixotropic behavior was characteristic for all syrups both commercial and obtained in the laboratory. The relevant values of the thixotropic areas of particular syrups were done in Table 2 . The surface comprised between increasing and decreasing curves is a measure of magnitude of structural break during shear (in rheometer). [19, 20, 24] Generally the surfaces of thixotropy area raised with increasing quantity of hydrocolloid added. Higher thixotropy area means that bigger surface energy is needed for the rebuilding of the inner structure of a gel.
Mechanism of structure formation in syrups containing CMC depends on hydration of its molecule, which is to say immobilization of water molecules. It is not space systems formation, which is characteristic for gel. During shear (e.g. mixing) the hydrated molecules of polysaccharide orient according to the direction of shear, which is the reason of thixotropic behavior of such systems. [25] Contrary, in the syrups containing agar and carrageenan structure formation was connected to gelling of these polysaccharides, which was the net space structure formation. The gels were strong space structures and their destroy brought about big changes in thixotropic behavior. [6, 25] Thus, the areas of thixotropy of syrups with these additives were bigger than those with CMC ( Table 2 ). In the syrups with xanthan gum, the structure formation was similar to those with CMC. Hydrated structures of this polysaccharide were much weaker than those of agar and=or carrageenan. [6, 25] Xanthan gum's structure is even weaker than this of CMC. Semi-rigid molecules of xanthan gum form viscous, pseudoplastic solutions, which are very sensitive to the shear in the cylinder of rheometer. [26, 27] This reasoning found its confirmation in the values of thixotropic areas presented in the Table 2 .
CONCLUSION
Cocoa syrup is a system consisting of solid particles (cocoa) suspended in an aqueous solution of sucrose and other oligosaccharides as well as lower polysaccharides from starch syrup. The cocoa syrup contains also triglycerides of saturated and unsaturated fatty acids from olive oil. In order to obtain homogenous system, some emulsifiers are needed (monoand diglycerides of fatty acids in recipe of syrup), which allow emulsifying and stabilizing the system. The characterization of such complicated system is not an easy task. The analyses proposed in this paper can contribute to normalization of analytical methods and to precise the consumers' preferences. The paper presents also some possibilities of control rheological and textural properties of dense, fluid systems, containing solid particles with micrometric size.
